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Soybean Isoflavones Inhibit Amyloid 3 -protein Self-Assembly

Mie HIROHATA"?, Kenjiro ONO", Tokuhei IKEDA', Akiyoshi MORINAGA",
Junichi TAKAZAKI*' and Masahito YAMADA'

'Department of Neurology and Neurobiology of Aging, Kanazawa University Graduate School
of Medical Science, Kanazawa 920-8641,
’Department of Neurology, National Hospital Organization lou Hospital, Kanazawa 920-0192

ABSTRACT

Epidemiological evidences from retrospective and case-control studies has indicated
that estrogen replacement therapy can decrease the risk of developing Alzheimer's
disease. Soybean isoflavones have been proposed as phytoestrogens, because some
of isoflavones were reported to exert a neuroprotective effect against 3 -amyloid
protein (AB)-induced neurotoxicity. Recently, our experimental studies have
demonstrated that some kinds of flavonoids and estrogens inhibited A3 assembly
and destabilized A3 aggregates. To examine the effects of isoflavones on the
assembly of the two predominant disease-related A3 alloforms, A3, and AB .,
here we used thioflavin T fluorescence, electron microscopy, and photo-induced
cross-linking of unmodified proteins (PICUP) followed by SDS-PAGE. Initial studies
revealed that some kinds of isoflavones blocked A3 fibril formation. Subsequent
evaluation of the assembly stage specificity of the elect showed that isoflavones
were able to inhibit pre-protofibrillar oligomerization. These data suggest that
isoflavones would be worthy of consideration as a therapeutic agent for Alzheimer's
disease. Soy Protein Research, Japan 13, 175-181, 2010.

Key words : Alzheimer's disease, amyloid 3 -protein fibrils; isoflavone; oligomerization;
photo-induced cross-linking of unmodified proteins (PICUP)
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Fig. 1. Structures of isoflavones examined in this study and related molecules.

176

0000o0odododvol 18120100



(@ (b)
[0} [0}
o — 5} —
c c
@ @
O 100 — O 100 —
7} a
I o
s} 1 s} =
=) =)
> >
© - —o— Qu Mlsof-3 © ] —e— Qu Mlsof-3
5 —o— 251 MIsof-3 5 —o— 251 MIsof-3
’J: - —0- 25Qu MIsof-3 <T: 1 —o— 25Qu Mlsof-3
0= | | | | 0~ | | | |
2 4 6 2 4 6
Time (h) Time (h)
(c)
5 _|{d2sum
© Ml 250 M
8 -]
@
$ 100 —
a
9 —
o
E —
=
o -]
2
=
E —
[0}
[ag —
Control Isof-2 Isof-4
Isof-1 Isof-3 Isof-5
(d) 251 MAB 1200 254 M lIsof (e) 251 MAB 14,0 25Qu M Isof
Isof-1 H Isof-1
Isof-2 i Isof-2
Isof-3 H Isof-3
Isof-4 J Isof-4
Isof-5 i Isof-5
Control H —— Control
| | | | | | | | |
0 100 o] 100
Relative fluorescence (%) Relative fluorescence (%)

Fig. 2. ThT binding to A3 ., assembly. (a, b) Edects of Isof-1 (a) or Isof-3 (b) on the kinetics of fAB ,_,, formation
from fresh AB 4, The reaction mixtures containing 25y M A3 ,,,, 10 mM phosphate buler, pH 74, and 0
(closed circles), 25 (open circles), or 250u M (open squares) of Isof-1 (a) or Isof-3 (b), were incubated at 370
for the indicated times. Periodically, three 5-p L aliquots were removed, and ThT binding levels were
determined. Binding is expressed as mean fluorescence (in arbitrary fluorescence units) + error bars (S.E.).
Each figure comprises data obtained in 3 independent experiments. (c—e) Elects of isoflavones on the
formation of fAB .4, from fresh AB . The reaction mixture containing 25u M A3, ,,, 10 mM phosphate
buler, pH 7.4, and 25 (white columns) or 250u M (gray columns) isoflavones was incubated at 370 for 24
h, respectively. Each column represents the average of 3 independent experiments. The average without
compounds was regarded as 100%. S.E. is indicated by bars. p<0.05, post-hoc Tukey-Kramer tests.
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Fig. 3. ThT binding to A3, , assembly. (a, b) Edects of Isof-1 (a) or Isof-3 (b) on the kinetics of fAB ,_,, formation
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from fresh AB .. The reaction mixtures containing 25y M AB ., 10 mM phosphate buler, pH 7.4, and
0 (closed circles), 25 (open circles), or 250y M (open squares) of Isof-1 (a) or Isof-3 (b), were incubated at
370 for the indicated times. Periodically, three 5-y L aliquots were removed, and ThT binding levels
were determined. Binding is expressed as mean fluorescence + S.E. Each figure comprises data obtained
in 3 independent experiments. (c-e) Elects of isoflavones on the formation of fAB 4, from fresh A3 ..
The reaction mixture containing 25y M AB3,_,, 10 mM phosphate buler, pH 7.5, and 25 (white columns)
or 250p M (gray columns) isoflavones was incubated at 3700 for 7 days, respectively. Each column
represents the average of 3 independent experiments. The average without compounds was regarded as
100%. S.E. is indicated by bars. p<0.05, post-hoc Tukey—-Kramer tests.
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(b) 251 MAB 1400 254 M Isof-3

Fig. 4. A3 assembly morphology. Electron micrographs were used to determine the morphologies of assemblies
of AR, 4 The reaction mixtures containing 254 M AB 14, 10 mM phosphate buler, pH 7.4, and 0 (a), 25

(b) or 250u M Isof-3 (c), or 250u M Isof-1 (d) were incubated at 3700 for 0 (a), or 6 h (b, ¢, d). Scale bars
indicate 250 nm.
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Fig. 5. A3 oligomerization. PICUP, followed by SDS-PAGE and silver staining, was used to determine the elects
of isoflavones on oligomerization of AB 4, (a), or AB 14 (b). Lanes 1, proteins alone (no cross-linking); lanes 2,
proteins alone; lanes 3, proteins plus Isof-1 (25u M); lanes 4, proteins plus Isof-1 (250u M); lanes 5, proteins
plus Isof-2 (25p M); lanes 6, proteins plus Isof-2 (250p M); lanes 7, proteins plus Isof-3 (25u M); lanes 8,
proteins plus Isof-3 (250u M); lanes 9, proteins plus Isof-4 (25u M); lanes 10, proteins plus Isof-4 (250u M);
lanes 11, protein plus Isof-5 (25u M); and lanes 12, protein plus Isof-5 (250u M). Each gel is representative
of each of 3 independent experiments.
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